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WORK SUMMARY 
BAO,Jian-rong, from Zhejiang Agricultural University, 
Hangzhou of China, worked in Departemnt of Plant 
Protection, Bulb Research Center(LBO) at Lisse in The 
Netherlands from July of 1994 to June of 1995 on a 
project of molecular genetics in fungal plant patho­
gen Fusarium oxysporum f. sp. gladioli. The research 
work was focused on the following subjects: 
1. Parasexual recombination of the pathogen using 
fusion approaches, and the recombinant determinati­
ons . 
2. Genetic transformation of the fungus using proto­
plast and electroporate transformation methods, 
especially with the vector pNE 24 carrying nia D ge­
ne . 
Summaries on these parts will be presented separate­
ly. Comments are welcome. 
My stay was supported partially by International Ag­
ricultural Center at Wageningen in The Netherlands, 
and partially by LBO. These two agencies should be 
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the Netherlands. 
BAO, Jian Rong 
TRANSFORMATION IN FUSARIUM 
OXYSPORUM F. SP. GLADIOLI 
INTRODUCTION 
Fusarium oxysporum f. sp. gladioli(Mass. ) Snyder & Hansen, the 
pathogen causing Fusarium yellows and corm rot of gladiolus, 
was subdivided into two races: race 1, which can infect both 
"large- and small-flowered" gladiolus cultivars "Peter pears" 
and "Nymph". Race 2 only infects the "small-flowered" gladi­
olus cultivar "Nymph"(Roebroeck and Mes. 1992), but within the 
same vegetative compatibility group: VCG 0340(Mes et al., 
1994) . The study of such kind of host specialization, at the 
molecular level requires the development of a convenient and 
efficient transformation method for the isolation and charac­
terization of the genes involved in the pathogenesis. 
Many transformation procedures have been developed, for dif­
ferent kinds of organisms. Protoplast methods was commenly 
used in fungal transformation(Akins and Lanbowits 1985, Bal-
lance and Turner 1985, Langin et tal.1990, Kistler 1986, van 
Hartinoveldt et al. 1987, Campbell et al. 1989, Whitehead et 
al. 1990) . Other transformation methods were also developed 
for filementous fungi(Lorito et al. 1993, Chakraborty et al. 
1991, 1990, Becker and Guarente 1990). In the attempts to 
manipulate the genes involved in the gladiolis hosts, the 
tries to develop a stable and efficient homologous transforma­
tion system for the pathogenic fungus were tested using ni­
trate reductase gene(nia D) , which were cloned and sequenced 
from a nitrate reductase-deficient strain of Fusarium oxyspo-
rum(Diolez et al. 1993). 
MATERIALS AND METHODS 
FUNGAL STRAINS, GROWTH CONDITIONS AND PLASMID 
A nitrate reductase deficient strain G2nitl, a mutant from G2, 
a race 1 isolate of Fusarium oxysporum f. sp. gladioli (Roe-
broeck 1992,n Mes. 1994), was employed in all the tests. Anot­
her strain, G6nitl, a mutant from G6, a race 2 isolate, was 
also involved in some of experiments. These two mutants, the 
nitrate nonutilizing(nit) mutants, were induced from G2 and G6 
using the methods described by Cove(1974) and Puhalla(1985). 
The stranis were cultured on PDA(Oxoide) medium at 27°C for 7 
days. 
The plasmid pNA 24, carrying the nia D gene cloned from a 
Fusarium oxysporum strain, is a 7.2kb EcoR I fragment subclo-
ned into pUC19 (Diolez et al. 1993) . The extraction of plasmid 
DNA was conducted using Qiagen kit, or using the standard pro­
tocol . 
TRANS FORMATION 
PROTOPLAST METHOD: Transformation was performed using a PEG/Ca+ 
mediation method of protoplasts, described basically by Punt 
et al. 1992 . 
1. Generation of protoplast: The spores of strains tested, 
were harvested from 7-day old cultures on PDA(Oxoid) at 27°C, 
and incubated in PDB liquid medium ( about 1 x 107spores per 
50ml PDB) at 27°C on a rotary shaker at 140rpm, for 16-18 hr. 
Mycelium was harvested by centrifuging the culture in a 50ml 
Falcon tube, at 4500rpm(~3500g) for 10 min, and then washed 
with MSM(IM MgS04 in 5 0mM Maleate, pH 5.8) twice (mix the myce­
lium well with MSM before centrifugation). 500mg of fresh--
weight mycelium was resuspended in 10ml MSM containing novozym 
234(5mg/ml), or glucanex(25mg/ml). The mixture was vortexed, 
and then incubated at 3 0°C and placed on a rotary shaker at 
60rpm, for 1.5 to 2 hr to release the protoplasts. Proto­
plasts were harvested, by filtering the suspension through 
sterilized filter paper(Ederol no 261), and then centrifuging 
supernatant at 1500g for 15 min, and then pippetting the pro­
toplasts floating on the liquid surface, into a clean tube. 
Protoplasts were washed with SNT(1M sorbitol, lOOmM NaCl, lOmM 
Tris/HCl pH 7.4), and then resuspended in SNT to a concentra­
tion of 1 x 107 protoplasts/ml. 
2. Transformation procedure: The final protoplasts were washed 
twice with STC1700 (1. 2M Sorbitol, 10 mM Tris/HCl pH 7.5, 50mM 
CaCl2.2H20, 35mM NaCl), and resuspended in STC1700 to a concen­
tration of 1 x 107 protoplasts/ml. lOOul of protoplast suspen­
sion was mixed with 5-10ug vector DNA, this was incubated at 
room temperature for 3 0 min. The protoplast suspension was 
mixed gently with 250, 250 and 850ul in three individual 
steps, with 60% PEG buffer(60% polyethylene glycol 4000, lOmM 
Tris/HCl pH 7.5, 50mM CaCl2.2H20), and incubated on ice for 20 
minutes. The suspension was diluted by adding 8ml STC1700. 
From here, two procedures were tested for the transformation 
efficiency: One, called Plating With PEG, was to pippet lOOul 
of the suspension directly, onto osmotically stablized selec­
tion medium (OS-CDA: CDA in IM sorbitol, MOS-CDA: CDA in 0. 5M 
MgS04.7H20 with Tris/HCl pH 7.4, SAC-CDA: CDA in 20% sucrose), 
or into 10ml of a melted top agar medium at 45°C(CD in 4% 
agar) . Gently mix the top agar with the suspension, and then 
pour it onto an osmotically stabilized selective medium. 
The other procedure, called Plating Without PEG, was to cen­
trifuge the suspension at 1500g for 10 minutes. The pellet was 
suspended in STC1700, and the suspension was plated onto os­
motically stabilized selective agar medium, or into 10ml of a 
melted top agar medium at 4 5°C. The top agar was poured onto a 
plate with osmotilized selective medium. 
These plates were incubated at 27°C. Protoplasts treated with 
TE buffer, served as controls for spontaneous mutation. The 
colonies emerged on selective medium with wild-type growth, 
were regarded as transformants, and some were transferred to 
fresh CDA medium to test their growth. Some transformants were 
subjected to monospore culturing on PDA, and the monospore 
colonies were tested on CDA medium for the growth appearance. 
ELECTROPLATTION PROCEDURE: High voltage electric pulses were 
delievered by a Gene Puiser apparatus(Bio-Rad model 1652077) 
equipped with a pulse controller(Bio-Rad model 1652098), ca­
pable of generating pulses up to 2500v from 0.25 to 25.0uF 
capacitors. Cuvettes used were 0.2mm in distance between elec­
trodes with 400ul capacity. 
Conidia from seven-day old culture on PDA, were harvested, and 
filtered through 2-layer paper filter(Ederol 261). The spores 
were spinned down, and suspended in steril water to a concen­
tration of 6 x 107 spores/ml. 0.5-1.0ml of the suspension was 
added into 10ml of PDB liquid medium in 50ml Felcon tube, and 
then incubated onto a rotary shaker at 14 0rpm, 2 7°C for the 
time rquired. The culture was added with enzyme, and incuba­
ted for another 2 hours under the same conditions. The germi­
nated spores were spinned down at 1600g(3500rpm on Henze cen­
trifuger) for 5 minutes, and washed twice with cold HEPES 
buffer (ImM HEPES, pH 7.5, 50mM mannitol) . The pellet of the 
spores was resuspended in the same buffer to a concentration 
of about 6-7 x 107 spores/ml. 200ul of such suspension was 
loaded into cuvette, and then plasmid DNA was mixed with the 
suspension. After kept on ice for 3 0 minutes, the cuvette was 
subjected to electroperation, and kept at room temperature for 
another 3 0 minutes. The electroperated spore suspension was 
diluted in sterilized water, and plated onto CDA medium. Con­
trols were set to detect their back mutations. Cell viability 
was monitored by plating the spores on PDA medium. 
RESULTS 
1. PROTOPLAST METHOD. 
a O 
Tl 0 
Xi 4J (U Ë 
4-> 
CO fÖ 1 I CU O -U O M a 
d 
-H 
î>i 
u 
d <D 
•H 
u -rH 4-1 M-H Q) 
d O -H 
•U m B in 
o 
co 
d nS M 
4-> 
CD XI -I-) 
d o 
d o 
•H -U m 
jj 
d 0) 
u 
d o 
u g P 
iw O 
(L) 0 
d 
(D 3 1 1 M-l C M 
0) P 
I I U X! I m u) 
EH O 
-—- 1—I 
i< -U d 
£ -H 0 
P d -rH 
U) ro cri o o o CO 
CnO 1 — l i — 1  C N  L T )  d 
d 0 
a 
CQ 
h d 
EH CO 
P 
V CQ 
d (0 
a) H 1—1 
2 4-> a 
CT-H 0 
a) d -U 
h OJ  ^ O 00 <sF O 0 
b ü H CN CN  ^ !H 
a 
—1 
d 
o 
o 
rH 
rH 
—1 
tö 
* -P d 
• "H -H 
M d Cn 
H vo LT) O LD LD O -rH 
O in in m  ^ fH 
1—1 0 
cß 
•P 4-1 
0 0 
E"1 H 
-l-> 0) 
-H 6 
d d 
CN o m o o o r—1 
o  KD L0 LH  ^ 0  > 
(U 
,d 
-U 
o\° d 
-— 0 
a) 
Jj r-H TJ 
rti 4-) (U 
DH -H LT) ro co 
d «st4 rM • • • nj 
d u? • CN V£> H X !  
0 O ^  0 ^  i — I i — I i — 1  
-rH co 
4J rO 
CÖ 
!H 
CL) 1—1 co 
d -u JJ 
C1J -H CM LD m O KD d 
Cn d (Ö 
ai CM  ^  ^ n CN H Ë 
cd 0 H CN H LO  ^ u 
0 
M-t 
CO 
d 
C rtf 
S !H 
P -U 
TS 1—1 
-H N rC £ Ü) 4-1 
co p 0 
res 
1 
CN I> oo en o EH 
1 1 
04 4 
. 
2
 .
 
1
. 
0 
. 
0 
. 
•X 
a, 0 U3 
C En O 
• P + LT) ro 
rH u 
4-) 1 •H u Ö C o CM co 1 O O O O a W 
-H EU M U 4-1 
4-) 3 a CN 
m 0 0 O 
C H O [> <L> 4-J Q + rH 45 •H o 
4-1 ls 1 CN 
CO o • oo • 
4-1 Ol o O [>  ^0 A S 1 rH o\<> -H — 
!>-< 4-J A) 
u rd 4J C 1—1 rd 0) CM Oi 3 D1 A G A) 0 U) 0 
H o -H 
4-1 < + m ro 4-1 
Q rd A U M 
o 1 U) eu -H co o G 
4-1 O 1 LD ro co CD 
rd OI 
e 0) SH Pi 0 
M—1 
m A a O OJ o\° 
as o O O '— SH C EH o Pi 4-1 p + rH 1 
u OI 
0! 1 CD 
Xi u Pi 4-> < co 
CO 1 O O U) 
Ö 0 o\° 
m 1^ 
TS U 0 A 45 a O CN CD 
4-) 0 O O 3 (1) <C EH o O1 
B Ü o + rH ai 
w u SH OI 1 Ü4 
CO LD •H 45 o IN • ^ • • 
4-) 4-> S 1 CN H  ^  • 
rß •H O1 
rH £ eu ft !H OI 
4-1 Ö 0 -H 
4-1 ft O UD 4-1 
a) rd 0 o co s5 
u 1—1 EH CN rd 
s5 ri] + rH E A) p M 
3 u 0 1—1 1 o i> co 4H 
4-1 co o m 
A O 1 rH s5 
H rd . SH . SH — EH CM EH O\° 
CD -K rH • Pi 
p—1 B cd b1 1 SH X! Q) 4J CD Ol H 
rd -U o SH CD 
H M B h Pi -K 
C >i53 U P £ a) tn -rH 3 
• U \ Ti -rH 0 4-1 SH 
A 4-1 E-* -U w — 
0) 
B * Ö 0 o\° -rH -—• JJ n5 4-> -rH <ü i—1 DJ  -rH O X! M nJ -U -rH ü > 0) 1—1 0> <D tn B ö —- J>i -rH • N 03 M a 3 Xi w 
— + Ö 0 0 -rH •rH 4-1 4-) fC rß 
B X! 
u 3 0 u  m  4-1 a p 
m M CU a m M 4-> 4-) £ (C 4-H 4J 0 CQ a ^-1 0 
u  u  c a) Q) -H B to U -H B -rH I l  1  EH — H—1 4-H Xi Q) 4-> Gl TS Ö p a a >  
o  m  M 
X u EH I —1 co — w m B S > T! U -rH 1—i £ > (D > O U -H M H 3 Pn ^  H m 
P§ (L) W M CM 0 a) 
o  a  u 
Pi CO Ö H te 
U m 4-> M -rH J 0) u  H i—1 m —-X! afc 
m  nS 3 CM EH u  —  
O CS) O O CM OCMOOCNCMOCM OCNOOCMCMOCMOCNOOCMCNOCM 
O O I O O I L O  CM O 
O O O O O 
I oo ro CM o o I O O 
O O O O O O 
I—I CM I—I 
rH rH rH CM rH rl rH rl COrHrlrHrlrOCNCMCOrHrHrHrHPQONICN 
O O O O O O O O H rl rH 
o ro o 
o co o 
KO O O O O 
r-  ^ oo o o 
ocoino^hMnooroLnoorn^ cn^CMLOro^coLO^oroHCMroro^^D 
a I 
O O CM ^  CM 00(N^(N^^£)^ OOCM^CM^ID^OOO^^CN^^)^ 
CN 
O 
ro 
o 
VX) 
o 
vo 
o 
o rH 
L O  
CM 
LO 
CM 
ro 
0) 
B 
N £ <1J 
O O O O CM O O O H rH cn I o O O I 
(N^NC^HrlrlrlrlHOJr-IHHHrlrlH H H H 
criLf)Lncx)OLr)[>roooi>(NU3HCN^LncNiogoroHooo^ ^ININU)U)H CN CN ro H H H 
J J I I CNOC\JOCNOOqOOOqO]OCNOOCMCN]OCNOCNIOOrsiCN 
CO (>1 
I—I 
<4-1 O 
Cn 
B 
TS 
TS <c 
TS a) -U CO 
a) 4-) 
-U O 
O CT, 
^ m 
ro ro 
O M LD co 
LT) 
CN I—1 
LD CN 
TS 0) -U CO CD J-> 
a) 
B H 4-> 
0) 
m H 
a) CO 0) 
Xi 4J nj !H CÖ a 
ö •H 
u CD X! e 3 ö 
<u 
En 
0) 6 t>1 N £ 0) 
X 0) ö rö u 3 I—1 
Cn 
<w O 
ÏJ) e 
in 
xi 4-) •H 
TS 0) 
TS 
TS rö 
CD i-l (D 
<D 
-U O 
<c 
c o -iH 
JJ 
CÖ 
O ft O M JJ u <u 
Xl JJ 
Ti a) jj as (D !h 
JJ 
M (U 
JJ 4-1 rö 
CM O 
£ O M 4-1 
CQ 
JJ 
CQ 
CÖ 1—I ft O 
JJ O M ft 
4-1 O 
cÖ > 
•H > m 3 CO 
a) I—I -Q m H 
g 
P 
tn 
£ • O h •H E~t -P — ai >i 
O (U M-l -H W U É "H 
Ctf 4-1 
U M-J Eh W 
JJ S=! 
ai -P 
m a O u 
o\° 
(U — £ CQ •H Ë Eh — 
JJ tn £ a) h j-> 
un — 
& T3 U —I \ (D > -H M 
—' 
a) u ä ns 
'k u 
o o en O O O H O O 
O [> ro ro i> CN LD CN H H H LD O fM H 
*—I \—! 
O O O 
rO CN CM 
O O O 
U3 <£> 
O O 
O U) O 
H H CN 
LD O KD 
O 1—ii—I 
LD O 
O H 
LT) CM O 
ï—I ro 
4-I 
O 
ö O 
-H 
JJ cö Sn 
JJ Ö 0) 
U 
G 
O U 
<D 
A 
JJ 
JJ fö 
C O 
H 
CQ Ö <u ft 
CQ d 
CQ 
JJ 
CQ cö 
H ft O 
JJ O u ft 
4-J O 
XI 
JJ 
-H 
-H 
TS <D T! a a) ft 
CQ 3 
CQ 
CU U (U S 
CQ 
JJ 
CQ 
CÖ I—I ft O 
JJ 0 
ft 
(V A H 
CD 3 
o 
og 
4-> CÖ 
< S Q 
T5 
-H 
£ 
CQ tÖ 
ft ® CQ 
4-1 O 
3 
in 
O !H ü 3 co 
o\° 
O CN 
cö JJ LD 0 —1 •H S Vû 
m T! X tö 11 ft S CQ 3 co ai r—1 w JJ OL 
JJ M 
0) M > 1—1 3 £ S 
U g 
w LT) sl JJ O m u 
CÖ cö A) 
M f—1 4-1 ft 4-1 
• • 0 3 a) JJ X! JJ 0 0 M CO S ft K 
PARASEXUAL RECOMBINATION BETWEEN STRAINS 
OF RACE 1 AND RACE 2 IN FUSARIUM OXYSPO-
RUM F. SP. GLADIOLI 
INTRODUCTION 
Fusarium oxysporum f. sp. gladioli(Mass. ) Snyder & Hansen, the 
pathogen causing Fusarium yellows and corm rot of gladiolus, 
was subdivided into two races: race 1, which can infect both 
"large- and small-flowered" gladiolus cultivars "Peter pears" 
and "Nymph". Race 2 only infects the "small-flowered" gladi­
olus cultivar "Nymph"(Roebroeck and Mes. 1992), but within the 
same vegetative compatibility group: VCG 0340(Mes et al., 
1994). Understanding the molecular mechanisms of pathogenicity 
of the fungus, can be significant not only in understanding 
the interactions between the pathogen and its hosts. But also 
in practical work such as detection, and more efficient resis­
tance breeding. 
No sexual stage of the pathogenic fungus is known, though in­
tra- and interstrain recombinants could be formed parasexual-
ly(Molnar et al.1990). There are several different methods 
available to produce parasexual recombinants, to obtain the 
information on genetics of pathogenicity of these races. In 
the experiments described here, several fusion systems using 
different combinations of selection markers were examined to 
get genetic recombinants. 
MATERIALS AND METHODS 
FUNGAL STRAINS 
Two wild-type strains of Fusarium oxysporum f. sp. gladioli 
were employed in all tests: G2, a race 1 isolate, and G6, a 
race 2 isolate(Roebroeck 1992,n Mes. 1994). These two strains 
were subjected to treatments, generating progenies with selec­
tion markers. 
SELECTION MARKERS: All the markered progenies, originated 
from strains G2 and G6. Several selection markers employed, 
were integrated into the two parent strains G2 and G6, so that 
the genetic recombinants could be identified(Table 1). 
Auxotrophic mutants were induced by UV irradiation, and selec­
ted by replicate plating on CDA(minimal medium) and complete 
medium(CM: CDA amended with yeast extracts, peptone and casein 
hycholysate) . Colonies growing on CM, but not on CDA were se­
lected and screened for nutritional requirements. 
Nitrate nonutilizing{nit) mutants were recovered and identi­
fied according to Cove(1976) and Puhalla(1985). All the nit 
mutants used in the experiments, are nitrate reductase-deficit 
mutants( nit 1 in phenotype). 
Benomyl resistance(BenR) strains were obtained by treating 
spores with UV irradiation, and then screening them on PDA me­
dium amended with 3ug/ml and 3 0ug/ml benomyl, for low-tolerant 
and high-tolerant mutants, respectively. The low-tolerance is 
determined by a single gene, while high-tolerance is control­
led by two genes(Molnar, A. et al. 1985). 
Hygromycin B(HygrR) and Phleomycin resistance(PhleR) strains 
were obtained by transformation with the vectors pAN 7-1 and 
pAN 8-1, respectively (Punt et al. 1987, Mattern et al. 1988). 
Vector pAN 7-1 is the carrier of the HygrR gene, while pAN 8-1 
is the carrier of the PhleR gene, which were transformed into 
the parential fungal strains. The transformants were desig­
nated with a suffix of "h" for HygrR transformants, or "p" for 
PhleR transformants, followed by a specific serial number. 
Some RAPD markers developed previously(Mes et al. 1994) were 
also employed to identify recombinants. 
TRANSFORMATION 
Transformation was performed using a PEG/Ca+ mediation method 
of protoplasts, described basically by Punt et al. 1992. 
1. Generation of protoplast: The spores of strains tested, 
were harvested from 7-day old cultures on PDA(Oxoid) at 27°C, 
and incubated in PDB liquid medium ( about 1 x 107spores per 
50ml PDB) at 27°C on a rotary shaker at 140rpm, for 16-18 hr. 
Mycelium was harvested by centrifuging the culture in a 50ml 
Falcon tube, at 4500rpm(~3500g) for 10 min, and then washed 
with MSM ( IM MgS04 in 50mM Maleate, pH 5.8) twice (mix the myce­
lium well with MSM before centrifugation). 500mg of fresh--
weight mycelium was resuspended in 10ml MSM containing novozym 
234(5mg/ml), or glucanex(25mg/ml). The mixture was vortexed, 
and then incubated at 30°C and placed on a rotary shaker at 
60rpm, for 1.5 to 2 hr to release the protoplasts. Proto­
plasts were harvested, by filtering the suspension through 
sterilized filter paper(Ederol no 261), and then centrifuging 
supernatant at 1500g for 15 min, and then pippetting the pro­
toplasts floating on the liquid surface, into a clean tube. 
Protoplasts were washed with SNT(1M sorbitol, lOOmM NaCl, lOmM 
Tris/HCl pH 7.4), and then resuspended in SNT to a concentra­
tion of 1 x 107 protoplasts/ml. 
2. Transformation procedure: The final protoplasts were washed 
twice with STC1700(1.2M Sorbitol, 10 mM Tris/HCl pH 7.5, 50mM 
CaCl2.2H20, 35mM NaCl), and resuspended in STC1700 to a concen­
tration of 1 x 107 protoplasts/ml. lOOul of protoplast suspen­
sion was mixed with 5-10ug vector DNA, this was incubated at 
room temperature for 3 0 min. The protoplast suspension was 
mixed gently with 250, 250 and 850ul in three individual 
steps, with 60% PEG buffer(60% polyethylene glycol 4000, lOmM 
Tris/HCl pH 7.5, 50mM CaCl2.2H20), and incubated on ice for 20 
minutes. The suspension was diluted by adding 8ml STC1700, and 
centrifuged at 1500g for 10min. The pellet was suspended in 
STC1700 for plating on osmotically stabilized selective agar 
medium(PDA in 1M sorbitol with antibiotics: hygromycin B at 
lOOug/ml, or phleomycin at 50ug/ml), these plates were incuba­
ted at 27°C. Protoplasts treated with TE buffer, served as con­
trols for spontaneous mutation. The fast-growing colonies 
which emerged on the plates with PEG-treated protoplasts, were 
transferred to fresh selective medium, and a block of medium 
from the rim of the colony, was placed onto the same kind me­
dium for re-selection. Stable fast-growing colonies were mono-
cultured, and the subsequent monospore colonies were tested 
for growth rate on selective medium, and stored on both PDA 
and sand tubes at 4°C. 
FUSION SYSTEM 
Different pairing systems were conducted between G2 and G6 
progeny strains, carrying on them different selection markers 
to produce presumed genetic recombinants(Table 5). 
1 . GENERATION OF PROTOPLAST : The protoplast generation 
procedure, was the same as that in transformation described 
above. 
2. FUSION OF PROTOPLASTS: Polyethylene glycol(PEG, mol.wt 
4000. 30% PEG, lOmM CaCl2, lOmMTris/HCl pH 7.5) was used as 
the fusiogenic agent to treat the mixtures of parental proto­
plasts. The protoplast mixture pellet after centrifugation, 
was resuspended in ice-cold PEG buffer and kept on ice for 30 
minutes. The protoplasts were spinned down at 1500g for 5 
minutes, and resuspended in SNT for the dilution series, and 
then plated directly on selective medium. Plates were incuba­
ted at 27°C. In all experiments, the combinations of parental 
protoplasts treated with SNT, and parental protoplasts alone 
treated with either SNT or PEG were set for the controls, to 
check for spontaneous mutations, and for the comparisons with 
PEG treatments. Fast-growing colonies developed from PEG tre­
ated protoplasts on selective medium, these were considered as 
fusion products, while those colonies showing restricted 
growth on selective medium, were regarded as heterokaryotic 
colonies. All the tested dishes were incubated at 27°C for at 
least 4 weeks. 
3. HYPHAL FUSION: Hyphal fusion tests were only carried out 
for the auxotrophic strains. Spores were collected from 7-day 
old culture on PDA to a concentration of 4 x 106 spores/ml. 
Spores from different parents were mixed in 2% PDA solution, 
and the mixture was transferred to reserviors(60mm in diame­
ter) in CDA plates with non-mixed parent spores alone as con­
trols. The plates were incubated at 27 °C. Fast-growing sec­
tors from the sides of the reserviors, were cultured on fresh 
selective medium for further selection and monospore manipu­
lations. The codes for hyphal fusion products were started 
with a letter "h". 
SELECTION PROCEDURE FOR RECOMBINANTS 
1. SELECTED BY SELECTIVE MEDIA: In fusion experiments, 
fast-growing colonies developed from the mixed PEG-treated 
protoplasts on selective media, were regarded as fusion pro­
ducts, and transferred to fresh selective medium(Some of them 
were selected twice on fresh selective medium) (Table 2) . From 
the rim of stable vigorously growing colony on fresh selective 
medium, a block of the colony was cut off for monospore isola­
tion, and placed onto non-selective medium(PDA). Several mono-
spore colonies from the same fusion products were transferred 
to both selective and non-selective media(10ml per plate of 
9cm in diameter), to measure and compare their growth rates at 
27°C. Growth rates were also determined for their parental 
strains, on both selective and non-selective media for compa­
rison. Those showing both parent markers, were selected as fu­
sion products, and stored on PDA and sand tubes. 
In hyphal fusion tests, a block of the fast-growing sector was 
cultured on a selective medium to examine its growth. Wild-
type and stable colonies on selective medium were subjected to 
monospore culturing. The monospore colonies were re-selected 
on the same selective medium, to distinguish stable recombi­
nants from heterokaryons. 
2. SELECTED BY RAPD : Several 10-mer primers, which genera­
ted random amplified polymorphic DNAs(RAPDs) for the parental 
strains G2 and G6, were used as genomic DNA markers to analyse 
fusion products(Table 3). 
A. Genomic DNA Extraction : The basic procedure was described 
by Tennis et al.(1990). About 50mg of fresh weight mycelium 
was collected from 3-4-day old PDB culture, from Falcon tube 
at 27°C, these were digested using lysis buffer(50mM Tris/HCl 
pH 7.2, 5 0mM EDTA, 3% SDS, 2% DTT) at 65°C for 60min. DNA from 
the digested suspension, was extracted using an equal volume 
of chloroformal/phenol/isoamylalcohol (PCI, 25:24:1) by cen-
trifugation, at 12,000g for 5min. The DNA was precipitated 
with 0.1 volume 3M sodium acetate and 0.6 volume isopropanol, 
from the upper aqueous phase of PCI extracted suspension, and 
pelleted at 12,000g for 5min, and washed once with cold 70% 
ethanol, and resuspended in 50 ul TE buffer, and stored at -
2 0 °C. 
B. PCR Reaction and Electrophoresis : The basic performance of 
PCR reaction for the fusion product DNA, was described by Mes 
et al. (1992). 50ul of PCR reaction mixture contained 20 pmol 
primer, lOmM Tris/HCl pH 9.0, 1. 5mM MgCl2, 50mM KCl, 0.01% 
gelatine, 0.1% Triton X-100, 40uM each of dATP, dCTP,dGTP and 
dTTP(Perkin Elmer Cetus), and including 5ul extracted fungal 
DNA. These were amplyfied in thermocycler(Omnigene HBTR3CM, 
Hybaid, UK) for 35 cycles, after an initial denaturation for 4 
minutes at 93.4°C. Each cycle consisted of 93.4°C for 30 se­
conds, 35.20C for 40 seconds, 71°C for 2 minutes and the last 
cycle has a final extension at 71°C for 10 minutes. The hol­
ding temperature was 25°C. The amplified products were run on 
1.5% agarose gel, and the bands were stained with ethidium 
bromide. DNA from the parent strains, were also amplyfied and 
run on the gels. 
RESULTS 
1. PROTOPLAST FUSION: Different fusion systems tested, had 
different results for the generation of fusion products(Table 
5) . 
In the system, pairings with strains carrying BenR marker did 
not generate fusion products. Even though the heterokaryon 
colonies could be formed abundantly on selective medium. No 
fast-growing colonies were observed from these heterokaryon 
colonies during the whole culturing period(at least 7 weeks). 
The heterokaryon colonies were developed within a week, but 
hardly any growth was seen afterwards. The size of these co­
lonies were also smaller(about 2mm in diameter), compared with 
those developed in other pairing systems, which can be expan­
ded to 5mm or more in diameter. On any of the control plates, 
no heterokaryotic colonies were observed in these experiments, 
In the system of HygrR-nit x Wild type, fusion products were 
obtained from pairing of 6h9nitl x 2W, but not from the pai­
rings of 2hnit x 6W. 
The results from the auxotroph pairings, were almost the same 
as the results from those in hyphal fusion tests: The pairing 
of 2aux2 x 6aux2 produced fusion products, easier than pai­
rings such as 2auxl, with other G6 auxotrophes. In the later 
pairings, some wild-type colonies appeared on original selec­
tive medium, but the single spore progenies from most of these 
colonies, grew into an auxotrophic state on fresh selective 
medium. Meanwhile sometimes, some back ground growth problems 
existed in the auxotrophes G6aux4 and G6aux6, during their 
culturing period on selective medium , but not in the auxot­
roph G6aux8. Even though, the background growth colonies on 
selective medium from these two parents, were still distin­
guishable from the presumed fusion colonies. The background 
growth colonies, were wild growth types with more dense aerial 
mycelium, than the fusion product colonies. The presumed fu­
sion product colonies, grew more or less abnormal in appea-
ranee. Their aerial mycelium were not so dense, and usually, 
the mycelium expanding on selective medium, became more or 
less robust. Meanwhile, the expanding of background colonies 
were shown to be restricted on the selective medium. 
In the system PhleR x HygrR, not all pairings generated fusion 
products. The generation of fusion products relied on the 
strains involved in the pairings. The pairing of 6hl x 2p22 
for example, produced many fusion colonies on selective me­
dium, while other pairings produced only a few, or even no fu­
sion products. This was evidenced that the strains 6hl and 
2p22, produce many fusion products when paired together, but 
don't easly generate fusion colonies when paired with other 
strains on their own(Table 5) . The formation and number of 
heterokaryon colonies on selective medium, didn't mean the 
formation and correspondent number of fusion colonies develo­
ped. Though they were associated with in the pairings, from 
which fusion colonies were formed. 
Usually, two types of fusion product colonies were observed on 
selective medium in the pairing system of Hygr-R x Phle-R: 
typical wild-type colonies with dense aerial mycelium, and 
colonies with very sparse aerial mycelium. The morphological 
type of fusion product colonies, usually was dependent on the 
parental strains involved in the pairings. Most of pairings, 
able to generate fusion products, produced the first type of 
colonies, such as 6hl x 2p22, and some pairings, like 2hl x 
6p2, inclined to produce the later type of colonies. 
The protoplast regenerations varied from experiment to expe­
riment, but no evidences were found, that the regeneration 
rates did not correlate with the frequency of heterokaryon's 
formation. The regeneration rates were also influenced by the 
stabilizer used in the medium. The use of MgS04.7H20, for exam­
ple, led to protoplast regeneration rates several times higher 
than that when sorbitol was used. However, this stabilizer in­
fluenced on the effectiveness of both antibiotics: phleomycin 
and hygromycin B (Table 6), which made it difficult to pick up 
the fusion colonies from heterokaryon colonies on original 
selective medium. 
In most of the control plates, protoplast mixtures treated 
with SNT, had no heterokaryon-like colonies developed on the 
selective media. However, a few heterokaryon-like colonies 
could be developed from some mixture plates, but the growth of 
these kind colonies were inhibited, while they were cultured 
on fresh selective media. Some small colonies were also ob­
served on some control plates with parent protoplasts alone, 
treated with either SNT or PEG, especially from the strains 
with HygrR markers, but none of them tested, grew as well as 
the fusion colonies did, when subjected to fresh selective 
media. The colonies, develoed from parental strain protoplasts 
on selective medium, usually were emerged 2 or 4 days later 
than the heterokaryon colonies, developed from mixture proto­
plasts treated with PEG. However, it was hard to tell the 
differece of the colonies on control plates from those on tre­
ated plates in morphological appearance. 
2. HYPHAEL FUSION 
For the fusion via hyphal anamotose, it was showed that diffe­
rent pairings of auxotrophic mutatants had different abilities 
to form fusion products. This was the same as the performance 
in protoplast fusion tests. In most cases, recombinant-like 
sectors were developed in about 2-week. The outcomes, however, 
were quite different when the sectors from different pairings 
were transferred to fresh selective medium. Fast-growing sec­
tors from the pairing of 2auxl x 6aux8, for example, were pro­
duced on selective medium, but most of them shew parental-type 
growth after transferred to fresh selective medium or after 
monoculturing. 
Hyphal fusion pairing between BenR and hygrR strains produced 
fusion products within 2-3 weeks on selective medium, though 
no fusion colonies were generated in several protoplast fusion 
tests with the same pairing system. 
4. ANALYSIS OF FUSION PRODUCTS 
A. By selective Medium 
In the selective procedures, fast-growing colonies from ori­
ginal selective plates were transferred to fresh selective me­
dia. In the fusion system Hygr-R x Phle-R, over 90% such kind 
of colonies could be analysed as recombinants after screened 
through several steps. In this system, the well-growing colo­
nies from original plates on fresh selective medium were mo-
nocultured on PDA, and then one or more single spore colony 
was further tested at the same time on CDA, CDA amended with 
hygromycin B and CDA with phleomycin. The growth rates were 
compared with those of parent strains on the same media at the 
same conditions(Table. Growth). However, fast-growing colonies 
were also not so easy to be picked up when PDA was used as the 
basic forum for selective medium, because heterokaryon colo­
nies could grew biger with culturing. In those early experi­
ments, no accurate calculation of recombination progenies is 
possible. 
In the hygrRnitl x Wild-type system, it became difficult to 
get rid of the hygrRnit parent from the fusion colonies, be­
cause the parent hygrRnitl could also accompany the fusion co­
lony growth at the same rate on the selective medium-CDA amen­
ded with hygromycin B(CDA +h). The separation of fusion colo­
nies from hygrRnit parent could be achieved by monosporulating 
the selected colony on PDA after the presumed fusion product 
shew wild-type growth on fresh selective medium, so that both 
the progenies could grow on PDA, the nonselective medium. Fu­
sion product colonies were collected by re-screening them on 
CDA+h, on which colony from recombinant grew in wild-type, 
while colony from the parent grew in mutant type. 
In the auxotroph pairing system, the selection procedure was 
principally the same as the system HygrR x PhleR, except the 
selection medium, which CDA was used only. Meanwhile, many 
colonies, which were originally regarded as presumed fusion 
products on original selective medium, were found not to be 
recombinants after subcultured to CDA medium, or afetr mono-
cultured on PDA and futher cultured on CDA. The recombination 
frequency for these pairing became somewhat unfeasible. 
For the hyphal fusion products, the same basic procedures were 
also implemented to select the fusion products. There were the 
same problems as those in selecting protoplast fusion products 
of the same fusion system, that is: many original fast-growing 
sectors were not recombinants in the futher subculturings. 
B. BY RAPD MARKERS 
The primers were selected for the RAPD-PCR to perform the re­
combinant markers specifing both parent's genomic DNA. Among 
the primers tested, G2 markers were more easy to be performed 
and detected using any fusion products from any fusion system. 
The markers specifing G6 parent became much difficult for some 
fusion products. At beginning, two well-established primers: 
B14 and E20, were selected for PCR performance. E20 primer had 
a llOObp band for G6 and its derivative strains, but the band 
was usually invisible in the fusion product gels. In the other 
primers screened, H09 primer could be a reliable marker for G6 
for its 1250bp band(Table. Marker). 
C. PIGMENT MARKER 
The existance of difinit pigment in G2, greyish white, and G6, 
purple-redish in stromata on PDA gave the pigmental marker du­
ring culturing. Some fusion products followed one of their 
parent pigment, and others produce some different pigmentation 
which differed from their parents. 
The pigmentation of fusion products from HygrRnitl x Wild-type 
fusion system usually followed that of GG parent. However, the 
G6 markers from E20 and B14 primers were usually absent. 
DISCUSION 
Different pairings using different combinations of genetic 
markers had different outcomes of fusion generation. Several 
systems in this experiment failed to generate fusion products. 
The protoplast fusion system using benomyl resistance marker 
seemed to be not desirable to produce fusion products. Howe­
ver, even within the same system, the generation of fusion 
products could be quite different. It could be showed from the 
results of pairings of 2auxl with 6aux4 or 6aux8, which, un­
like the pairing 2aux2 with 6aux2, only generated very few fu­
sion products. Another example was the results from PhleR x 
HygrR pairings, in which the mixtures from different strains 
could get totally different fusion production. In this system, 
mixture of Ghl x 2p22 was more effective in produceing hete-
rokaryons, and in about 5-day or more , some of them became 
fast-growing colonies, while the mixtures 6h5 x 2pl7 and ot­
hers hardly produced any fusion product. 
In the protoplast fusion system Hygr-R x Phle-R, at beginning, 
PDA was used as the basic component for selective medium, 
which Sorbitol stabilized PDA was amended with Hygromycin B 
and Phleomycin. With this selective medium, the growth of 
presumed heterokaryotic and parental colonies was not so re-
strictively inhibited, so the real fusion product colonies 
were hard to be identified on the plates. Later, CDA was used 
as the basic forum in selective medium, and the heterokaryon 
colony growth were restricted more effectively. 
The G2 RAPD markers, were shown to be quite stable, and easy 
to be detected on electrophoresis gels, in the detection pro­
cedure, while G6 RAPD markers sometimes became difficult to 
detect. The well-established G6 marker band from the primer 
E20, was easy to be detected for G6 and its derivative strains 
on the electropholysis gels. But, the bands were usually ab­
sent in the fusion product gels, even though the fusion pro­
ducts had other prominant G6 markers, like pigmentation on 
PDA. In the primers tested for G6 markers, primers H09, B14 
and G15, were recommended as G6 markers in the fusion product 
analysis by RAPD approaches. 
REFERENCE 
Buxton, E.W.1956, Heterokaryosis and parasexual recombination 
in pathogenic strains of Fusarium oxysporum. J. Gen. Microbi­
ol. 15:133-139 
Mattern, E., P.J.Punt and C.A.M.J.J.van den Hondel. Fungal 
gen. Newsletter. 35:25, 1988. 
Mes, J.J., J.van Doorn, E.J.A.Roebroeck, E.van Egmond, J.van 
Aartrijk and P.M. Boonekamp. 1994. Restriction fragment length 
polymorphisms, races and vegetative compatibility groups wit­
hin a worldwide collection of Fusarium oxysporum f.sp.gladio­
li. Plant Pathology43: 3 62-370 
Mes, J.J., J.van Doorn, E.J.A.Roebroeck and P.M. Boonekamp. 
1994. Detection and Identification of Fusarium oxysporum f. 
sp. gladioli by RFLP and RAPD analysis. In"Modern Assays for 
plant pathogenic fungi: Identification, detection and quanti­
fication." Edited by A.Schots, F.M.Dewey and R.Oliver. CAB 
International, Oxford. 
Molnar,A, M.Pesti and L.Hornok.1985. Isolation, Regeneration, 
and fusion of Fusarium oxysporum protoplasts. Acta Phytopa-
thologica Academiae Scientiarum Hungaricae.20(1-2):175-182. 
Molnar, A. Hornok, L., and Pesti, M. 1985. The high level of 
benomyl tolerance in Fusarium oxysporum is determined by the 
synergistic interaction of two genes. Experimental Mycology 
9 : 326-333. 
Molnar, A, L.Sulyok and L.Hornok. 1990, Parasexual recombina­
tion between vegetatively incompatible strains in Fusarium 
oxysporium. Mycol. Res. 94(3) : 393-398 
Punt, P.J.,R.P.Oliver, M.A.Dingemanse, P.H.Pouwels and C. A. 
M. J. J. van den Hondel. Gen56: 117(1987) 
Punt,P.J. and Cees A.M.J.J.van den Hondel. 1992. Transforma­
tion of filamentous fungi based on hygromycin B and phleomycin 
resistance markers. In "Methods in Enzymology" 216:447-457. 
Roebroeck, E.J.A. and J.J.Mes. 1992. Physiological races and 
vegetative compatibility groups within Fusarium oxysporum 
f.sp.gladioli. Neth. J.Pi.Path. 98:57-64. 
Steven B. Lee and J.W.Taylor. 1990. Isolation of DNA from 
Fungal Mycelia and single spores. In "PCR Protocols" edited by 
M.A. Innis, D.H. Gelfaud, J.J.Sninsky, T.J.White. pp:282-287. 
Academic Press. 
to 4-1 
co 0) 4-J 
ti O -H Ui d 
4-4 
ö -H 
n CU 
> r—I o > ö 
CQ G) > -H 4-1 CÖ > •H 
Q) t3 
0) x; 4-1 
Ti ö CÖ 
CQ 4-1 Ö CU >H CÖ o< 
X> CÖ 
fr< 
(1) U 
"ü CU « O M U £} Q) O Pi 
CN ^  <Tl CTi T3 
Ö TH 0 I—1 A XI CN CN 
B B 0 0 U h 4-1 4-1 <4-1 4-1 Ö ß 4-1 CÖ 4-1 CÖ ö B Ö B CÖ Vl CÖ U 4-1 O 4-1 0 3 4-1 3 4-1 Ë CQ B CQ Ö 0 4-1 ftS 4-1 CÖ •rH £-1 •H a H = = = :  Ö = En = 
Ö Ö <ü O O ü •H -H Ö 4J rH 4-> CÖ 4-) 4-1 CÖ 4-1 fÖ 4J O) 0) Ö Ö 4-1 CQ _ _ _ _ 3 _ u u eu a) 3 -h - - - - B -CÖ Ö B B B m Pi CÖ CU 0 CU 4-ï 4-1 M >H 4-1 M •H M CQ -H -H -rH Ö O -H r 3 3 Ö PQ 4-1 DJ G1 Ö1 X! 0) (D <U XI Ü 4-1 CU M ^ JH 4-1 -rl -H -H U s 4-1 P*i 1—1 (U 0) > >i •H 4-1 >1 ö ö B Pi ei 4-1 1 B -H -H tó O 1 1 Ö T) O d u 1 SH M a; 0) rH Ö O 3 ß 5l tn «—1 X) -H Q) T) 0) 0) >1 XI H S PQ = c J CQ K = = = = ffi = ft = 
CN O 
X! 
CN] 
Ö CN rH Ö Ö 0) 0) CN X) £3 O CN CN 
4-1 4-> •H -H ö ö O rH CN H 
Xi 
TS a) 
Ü 3 T3 ö 
o\ XI U> 
B O 
4-1 4-1 4-1 Ö Ö CÖ 4-1 CÖ 
B Ö B U cö Sh O 4-1 O 4-) 3 4H CQ B CO Ö Ö CÖ 4-1 CÖ M •H ^ E-t = = :  ; : = a EH = 
CN 4-1 4-1 0) Ö Ö 4-1 U CU CU Ö cö B B (U Pi a) CU B u CU &-4 -rH •H VH O 3 3 •H 4-) O1 ö1 2 0) a) G1 (U ^4 JH C1J 
ft ^4 £ <U <u 4-1 Ö ö 0) Pi 1 Pi -H Ö 1 Ti 1 Ö 1—i •H M rH Ö CU O CQ Ü) •H 0) T5 s-t S CQ rij O- 04 J ffi 
ö 0 •rH 4-1 CÖ 4-1 
1 
4J -H ö 
4-1 •H s 
pi ei I I ^ 0) tDrH >iXl X & 
O 
4-1 
rH CN rH \—I 
iH CN vo co -H in CD rl (N ö X X X X o a H rH CN CN 0) 3HCNrOLncr>Hcr> P-i ,JQ fÖ n3 a3 ti£r££\l£l£lt£\t£i CN CN CN <N Ü kO \o 
CN LO VO £> CO p, ft a ft ft 
<D fi 
S-i •H 
3 u 
-U >1 
«—1 B fi 0 
u u U) 
1—1 
* CO X B M 
fi <U 
•h fi < < <c <c <c <c 
T) <u Q p Q p Q Q 1—1 
<U o P-i ft Dj ft ft B 
e 
Ui 
<D fi > m 
-H -—' 
4-) 1—i • 
U >i fi 
Q) B 0 
1—1 0 -H 
a) -p fi 4J 
CQ CQ <U (0 
1 <D 
fi 4-) <D 
0 X fi 
13 fi <C <C <c <C <3 <C <î fi <ü 
0 p p p p p p p 0) tn 
-H ft U ft ft ft ft ft CQ 
CQ 1 1 1 1 1 1 1 <D fi fi co cn co co co co co M 0 fa O O O O O O O â "H 
<U CQ 
M 3 
4-1 
Qj <H 
cC 
4-> - X 
CQ x a 
a) £ 
-U - X 
X 
cO fi fi 
-H 0 X -H 
T) -H XI X! aX •H 
Q) 4J + + + + X 4-4 TS 
B O a a ja xi + 4-1 (D 
a) 3 CQ 
aj 1—1 <C  < (<< ; (<  <3  r<  CQ fi > •x <u p p p p p p p 
-H B co ft U U ft ft U ft d) CQ 
4-> a X (0 
U -H 4-1 5 
<U TS 
1—1 (D Tî < 
(Ü 2 fi • P 01 (0 — U 
QJ 1—1 
M > - B >1 
-H •H J-l \ 1—1 
a> -U 4-> d) ÎJi fi 
x U CQ X! -ci aX N 3 O 
-U <u aj + + + + X) -H O 
—1 4-J a ft X) X + H ui TS 
T) a) •H fi fi CO fi <3  <3<  < ;  X) fi cO 
CO 0 p p p p p p p CO "H 
-H ft U U ft ft U ft 4-) Ü -
en CQ 1 1 1 1 1 1 1 CQ >1 CQ 
B 3 co co co co w co co B <D 
a) fa O O O O O O O CQ 0 X 
4-> co eu a 
CQ 1—1 0 
1—1 X M m TS o  a4J  
1—1 X 0 
a -H •H TS X 
o 1 !2 Qi Pi X fi 3 
•H £ yi 1 1 U (Ü (0 
CQ a) Ol X 0) M T5 0 
3 4-) £>•* "—i tri * '—i CO — M fa CQ K H X >1 * "H 1—1 0 
4-> ft ffi X £ S B 4-1 . CQ X fi r-1 
CS fi X X <C X Cn X fi Pi pi " 2 5 
<ü 0 1 1 Pi pi X Pi co o <3 
1—I -H Q) M i l  1  O o 
X! CQ r-i tn fi fi X fi 1—1 • rtf fi X >i Q) (1) 2 <D •  ^* 
E-t fa ft X CQ PQ <3 CQ * CQ * 
O O O 
a o •H -U L) <d jj a) TS 
Q 
CM 
S 
0) 
•0 
TI CD 
o I—I a e a) 
Ui 
<D 
£ •H 
!H CM 
m 
a) 
rH X! cC £-1 
O 
a 
.£ T) a (Ö X! 
in CU 
M (Ö S 
oj O 
<u u ö <D 
ö1 
<v w 
u a) 
£ •H >H Oa 
O O O o O O O O O o O O LD 
<sO rH O CM LT) O CN 
rH rH ro » 1 1—1 1 LO 1—1 rH 
O O I> O - O o r-o o o -H O O H O O CN ro 
CTi 
O 
LO 
LO 
OOOOOOOOO OOCNOOOOOO OOO[>rlOV«0rl(N CNHrIHfNHrlrl 
O O 
Fh Ü 
o o 0 E-t U U rfl E-i O 0 E-i 0 0 U 0 U C E-i 
U Eh U 0 i< 0 0 0 
0 <C 0 0 a 0 c 
<! 0 I I 
SS 0 0 < < O O 0 0 H E-i U U 0 0 0 0 I I 
< u 0 H 0 0 <C C U 0 H 0 0 0 
0 E-i < O U < 
<C 0 
<3 0 0 0 < E-" 0 O 
0 0 0 C E-" E-< 
0 0 0 Eh I t 
LD LD LD LO LT) LD LO LO LO LO 
00 o CM m cn OQ LD rH CT\ rH rH CN O i—1 rH o H H O O 
< PQ H Pn 0 0 0 W X 
(D I—I X! fO H 
rOOCMO O  O H H O\<> . 
•—- cooeno o o CM CM 
Pi inomo o  o co M rH rl rl rl 
X + ooroo oocMin ft CM CM CM 
CO QJ ft o oi o h en LD CM oo S4 + CMrOCMrO H ro CM CM (U CD < X U Q 00 O 01 O OOOOLD •H ft + ro 4-1 0 
•H 43 M R- ro OOCTIOOO -H l>I 1 ro ro ro •=# 4J rö S4 TS nj 1 
4-1 \ 0 B B (4 -— 0 M -H OJ CO 4-1 CO QJ QJ B aS a -H X TS QJ Ö QJ •H 44 4-) d) .—-4J O\° CM LD CM 00 rO-^^^ (4 nS —- . 0 M Pi LD-^OOOO U) rl ^ 00 M 1 CM LD ^ QJ 44 4-1 4-1 ctf 5 44 0 a SM < 1—1 S4 O 3 -H Q CO U ft X !>i 1 + m H ro ro^-^ro 
B B S ft rl CM rl rl i—1 rl rl rl 3 0 •H (U 4-1 1—1 QJ 44 ft r~-Hoo^ tn en in H !4 ft + H CM CM ro rl CM rl ro tn cö V B ü fO K rl CM CT> ^  VO > > VÛ 4-4 + ro CM ro rl H rl CN rl O Ö -H 0) Ü U >1 co w o œ oocMUJLn ö B 1 roro-^ro CM ro CM ro dJ 0 1—1 M 4-1 tn !4 >i M K 
eu TS o u 
^ 1 t—I H CNJ <T\ KO I I I I 
rC Qj CM CM VO L£> 
o o m ro 
o o U) m O O ^  !> 
U) o CM U> CM 
H ui oj m CM rO CM CM 
O O H VO •=1* 
CM (Ti O O ro ^  
o ro i> ro 
UD oo CN ro 
CM T> cn OJ [N H 
CTL O CT\ H ro rl 
LD CM H CM ro ro 
t> ro co cm ro CM 
(0 
-r~t TS (D 
B 
• ü H O S c/3 co !H 44 a) jj -u 
-rl dJ 
S B cC • • -H — T3 W '—' S4 TS O (4 iH m o u 
Ü dJ W M 
ft cC 
44 CM 
4-1 P 
•H . S TS 
i4 
• T> ctf 
r- dJ 
4-> rl 
X CÖ P 
a CD M C1J CQ 4-1 h 
-rl Cl) 
S-l CD 44 E-i 4-1 S CD 
S CÖ -B 1— rH o ftp 
rl 0 
4-1 \ 
Ö • 0 H Ë SM o afto a: a H nog m ld o x in ÛCJIW - ß -H CM -H U t) Q U >i QJ >i BU O d) 
d) > O U d) M 
44 CU V <u a Ü) •• m ft s 
B O (U I—I '44 ft 
as CD a) a) ft ft ft ft 
H H (Tl U) H CM O O I I I I 44 Qj44 a CM CM UD 1£> 
W W W CO 
rl r-1 Ol H CM O I I I 44 Qj44 CM CM *~0 
m 
a) M M - cti 
B ÛT5 O a ai -H o o CD 3 H S4 a -H U 
< 
0) Pi 4-1 T! 0) JJ 
43 
CO DJ -H 
B S4 O O -H rH i—I 44 Cn O C £>i O v—i 
P X 
ft •• •• I •• 0) Di 2 K ft H 
O 
CQ 
S4 -H U !>•< B O ÎH tn 
X 
44 4-1 -H 5 
t o  
j j  
c o  4-1 * . 
0 0 * T S  
4 J  CD 0 o\° 4-) fi -H "— CN LD fi 
0  4-> K  kO H  H H CN Lf) <J3 Lf) 3  
- H  n J  \  • • a u  a  o  a  •  •  •  0  
c o  Pi h  O O O O O O C N O O H O  f i  f i O O  f i  f i  f i O O O O O O O O H O O O O H  U 
3  
4-1 4-1 
0  fi fi 
- H  
m Ü  
<v 4-1 O  fi 
• H  O  * . fi .—. LT] HO TS 
0  0 o\o ro H ro CN il fi 
i—! •H '—' CN H i—1 I> H O O - s C L D i n n o O  ^  c t f  
0  4-) CU v n o o o m  L D ^ O L D O O  0 0  O O O O O I > O O V £ > C N O  
Ü  m  \  D U O  - • 
D i  K  O O O O O O O  f i  f i C N V D C N C N C N O O O O H O H O O O O O O O O O H O  TS CQ fi ( D  C D  
0  4J -H 
•H CÖ fi 
CQ M  0  
3  CD '—f 
4-1 .—. f i  0  
o\ o  ( D  Ü  
T) •—• t n  fi fi e u  f i  
(Ö 0 M  0  
4-) -H t>! 
fi CQ 4J CQ ^ 
0 c d  c c  4J nS 
— 1  CQ ^ 
u f t  d  [> c t f  0  
m  O  f i  O 1/1 CO LD CN co —1 rH 
4-> CD LT) H 1 Hl LD 1 O O f t  < D  
0 O  t n  L O  0 0  I I  L D  I C N L D  H  L D  • •  0 4J 
M  U ( D  • • U) IJ) m O CN • O O ^ H • • O O H 1 HO 4-> CD 
<D e u  U O O C N H C N r O H O O H L D r O O H H I > r O H H r O V û r - U D C r i C O H H H L n C N > - D C O H H  0  
4-> M  \  
0  ft CQ ,fi \  C D  
4-1 CQ -H 
M CQ C D  f i  
0  D CD H 0 
Xi 4J f i  i H  fi £ 0 0 
0  3 4-4 i H  U  
-rH a  o  < = t f * < ^ C N H C N C N H H H H C N H H H H C N r O H H H H H H H H H r O C N H H H H  0  
4-> U  f i  
CÖ 0  
£ f i  - H 
M  0 CQ 
0  > i  3  
4-1 UD 5 SH PU 
CN c t f  
X  H  5 £ C N ^ V £ > 0 0  M •• fi X  m  R O H ^ i o X X n  0  - - -
0  M  CTl ,fi ,fi CN 3 3 3 3 O CN u t u  
• H  - H  H ,£) ,FI CN CN XXFÖCCNJCCHM^H^DCNLRICOHLNHLNOOCNI OCN C D  \  
4-) ( Ö  4 J H  VO X  U)U)U)U)N Û Û C N  a a a a ^ ^ r C j H H M H M H  a o i  4-) P u  C C  Pu -H 4-> X  X X  HH ftU>l£>ftV£>VOU>VOVûVOVJ3ftftft,£irc!,E!cNft CD — M  fi-H X  H 4 - 1 4 J X X X X C N  CN CN CN CN CN CN CN U3 ffi >K, 
CD fi CN fi CN CN r0 4-J -H -H X X  X X X X X X X  X  U  fi 0 i—1 V£) H H H -H fi fi CN H H H X  X  X X X X X X  X  " fi 
<D • H  f i f i f i f i f i f i f i H C N X X X X  H H  C N  O  O  O  —  ( D  
t n  CD CD< D C D < D < D ( D C n H H 3 3 3 3 n H H < 7 i H H  H  H  f- H H  CU d 
C D  3  ^ ^ X i ^ Q r Q ^ r f i r f i ^ f i n S r t S C Ô d î r f i j I l I r f i ^ l i r f i r f i  f t  r f i  r f i  r f i  \  Ö 1  H  C N U 3 C N C N Ü D M 3 l X i C N C N C N C N C S l C N l v O C N C N l ^ ) C N C N  =  =  C N  =  =  ^ £ >  =  =  V 0  =  =  U )  C N  œ  a i  
—  M  
4J e u  > . h  
m f t  C D  U  
r ü  > 1  ft fi fi 
1—1 4-> >i < D  o  ft 1 4-) d -H O  T> 1 ÎJ1 4-1 
4-) £ .H T! Pi (D (U 0  d) -H pi 1—1 CD J-l fi 
S-l 4-1 IS &U -H 1—1 Pu -H 
P U  C Q  IJL Î2 r f i  Xi 
x  > 1  x x  e u  fi £ 
• e n  ffi 4-> 3  0 0  
LD 4-> - H  <£ X - H  u  fi - H  x  f i  CO (D 
C D  0 f i  Pi X  Pi 3  Pi 
1—1 - H  pi pi M  u Pu 
X! m f i  f i  C n  X  t n  
cö 3 C D  C D  > , 3  > i  • * H  H  m C Q  tu <! tu * * 
U 
eu 
J J  
4H 
C Ö  
T 3  
<U 
5H 
3  
C Q  
C O  
a >  
Xi o o o o o  o o o o o o o o o o  £ 
Ü  ^  
a )  o i  o o o o o  o o o o o o o o o o  Q) 
m  M  + eu 
< 3  A s  
P CM 
fil  ^ 0 3  
< D  
J J  
m  
5 H  
4 3  
- U  
3 :  
0  
M  
C D  CN o o  o  o i n c N o o o g o L D r o L n L n  
( U  Xi a )  
i—1 c o r - c o r ^ c N o o c o o o r - 4 3  CN r-1 rH rH E H  ft + 
£ < xi . 
£ Q CN £ 
—* ft ^ a  
5H & 
Q) m 
J J  .. 
0) H  
£ K*1 
fO £ 
• H  0 
CO T> a  
E-i e u  
Ez £ m  
2 H  
0 o o o o o o o o  o o o o o o o o o o  
P i  Q) U Xi » 
O  J J  Cn^ o o H m m  o o o o o o o o o o  £ fc f ö  >ICN H rl rl rl H  a  
CO U m  a  
s  + O  
2  A < ^  O  
K  J J  Q  CM rH 
EH  S  ft sj< . 
0  •  •  r O  
M  A -H 
O  H  T S  
Ü (U 
> 1  £ 
£ 
0 (U 
a )  4 3  
—1 4-J 
xi 
ft s3 
o m >iCN in intNifioooicooouico 0  
C xi •  •  ^  
p r o  H  P  m  ^  r o r o r o r o r o r o H C N ^ c n  Xi FT CN r H  r H  H  r l  H r l r l r l r H r l r l H H  - - U  
£ Z 
a  0  
xi û 5-1 CN o tn 
O  
rH 1—( rô 
rH •• -H 
1  Ö 4J 
1  -H -H 
1  u a 
1  - H  
1 £ 
1 0  M  
Xi U 3  
J J  O  H  O l  M U H O h C O O H N r O  C n  0  
s  (U Ï—1 (N rl rl 1—1 CT\rHrHi—Ii—1 H CN (N CN (N >,43 
O T) 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  K « 
u 0 C N  
O U O J  C N  C N  C N  C N  C N C N C N C N C N C N C N C N C N C N  * ^ 
W FH 
Pi 
O Cu 
W 
oq 
CN 
ET 
B 
M QJ 
4-> CD 
B (Ö •H T3 
<D 4-) (Ö 
4-1 S O 
Sn 0 
-H S O !H O 
a a) lm + 
< p a 
o o o o o o o o o o o o  
o o o o o o o o o o o o  
(L) I—! 41 Ol + 
p 
ft 
oaooaoornoooocOLDro 
ininini/iwjwintDvcninin 
O M 
Cn Ik + 
< 
p 
ft 
< p ft 
<D 
O U 
ooLnLnooroLnroLnLntnooo 
U30CNOCX)UD^CRIVR)I>IXILN 
coroLDLDLnLnrooroooroo 
n n NNNH^Htnonm rlrlrlHHrfrlrlrlrlrlH 
o o o o o o o o o o  
o o o o o o o o o o  
oorocNOJomonin 
H H o i c o c o o a i o m >  H H H H H 
O O O O O O O O O O  
O O O O O O O O O O  
OOOLDCN >ICO LFL M TN N 
• • • • U ro^CN^T3rororol>ro rl rl rl H î—I rH t—I 
o H ci  ^ in HO3r0^L/)0Dt^rlHrlHH I I I I I I I I 1 1 I I 
CD HtNrO^LDU)t>OOCriH 1 I I I I I I I I I FTFTFTFTAFTFTFTFTFT U3U5VûU3U)*^>'X>1£>VO«X> 
|4l -U S O M 
in 
|i—I fö 
H 
4-1 
rH Si 
M 3 O 
!4l Î CN 
I-Ö 
4-) H 5 
B A A ro 
B 
0 Ö <D 
PQ 
B A A O O 
rH 
U 
B O 
a) 
[41 ft 
|T) A aJ 
A 
|-H O 
B 
O SH en >1 
X * 
m 
I 
Xi 4J 5 O 
Ü 
in 
Xi I 
CN 
M (U -U <L> 6 nî •H Q 
Xi -U s O M Ü 
ft + 
< Q U 
( U  I—I 
Xi eu 
x m •H 0  T) u a) Cn B 5 m <u 1 > I 'H I 4J CO u E-i aj U rH D ai Q m o ce; a 6 o 
S xi o -u 
M S co o D U h O 
tn O I—! O Xi a m o s 
Q) 
-U I—I 3 O O Ö o s 
m -u ö a) Sh nS CLl 
aj Tî O U 
O^^OO^-^O HHHE^E^HHE^ r l r l r l H H H r l H r l r i H H H r l H H H  
^ O O i—I H rl O O "nF r H r l H r l r l H H r l r l r l H r l r l H H H r l  
H H H rl rl rl rl 
^^m^tnLnLninLnLnLnint/ii/iui^in HrlHrlHHrlrlrlrlHHHHHHrl 
U)CvJU3OQ0giX>O]U3 CNCNOqCNCNCNCNCNCNU)<NO]CN^U>*£>CN 
LT) m 
en <T\ 
K# 
o O 
oo rH 
rH CN 
CM 
CM ft OJ 
CN CN H HCNhHrl^DMtJi 4h ft ft r^H ft ft 4^ WtNU)tN(NHD(N^ Xi VO 
oHogro^<LnU3i> 
rH CM ro in V O C ^ C O ^ r l r l r l r l r l r l H r l  •U 
CTi <T\ 
1 
en OÏ (Xi en CM 
O O o o o O O 
rH rH rH iH rH rH •• 
M-l M-l IH 4-1 4-1 CN 
Xi 4J 5 O M Ü 
a) ä 
B 
a) ft K*1 
4-> 
ID 
0 
C D  ft 
A CU 
X 
O M tn 
K 
I W H U £> 
O 0 (U 01 
S O H 
CO 
£> 
fa 
X! 4-) 5 O 
O 
(TI •H TS O) s 
0) 
> •H 4-) U 0) I—I CD 
co 
Ö O 
4J S O M O 
K*1 
tn 
o H O si 
Pk M O s 
m m ld ^  m 
rH rH rH rH rH 
o H ro crs O] ro ro 
rH rH rH rH rH rH 
ro ^  ^ ^ 
rH rH rH rH 
csj ro CN ro ro 
ro ro LO ro ro H H H H H ro ro ^  o n ro ro rH rH rH rH rH rH rH ^ ^ ^ ^—I rH rH 1—! ro ro es] ro ro 
ro ro LO ^  ^ 
rH rH rH rH rH 
^ ro ^ cr» CM ro ro CN ro CN ro ro 
r-\ r-i T-i r-\ r~\ 
CN KD CM KD CM CN CN CN CN U) VO CN CN CN CN CN CM (N CN CN CN 
4J LO LD LO LO LO L0 LO 
1—! 
•—< 
o\ cri a\ CTi CT* CT\ 
r-> 
U 
0 O o o O O O O 
c 1 i i 1 1 1 i 
0 rH CD rH CO rH 00 rH 
s CM r-1 CN rH CN I—1 CM 
CM IX) oo 00 O A A A rH rH I£> U> U) Oa w CN CN JJ X = = = = X = = X = r — ^ - - — — — Ö X X <D o O o Sn I—i rH rH rH [> 
m Xi Xi .C P4 OJ CM CN CN KO KD 
H m ^ in w H CM 3 
-
2
 3 4 7 rH 3 4 5 H CN 1 5
 6 7 
rH CM ro CO CN (L) O O o O i— i TS 
0 H rH rH rH rH 
u m m 4H MH MH 
LD 
rH I fi LT) 0 cri -H en ra H 3 I FA LD O OS 1 
0) O rH O] 
xi I 0< O 
rH X 
I 
u ÎJ1 
m 
I 
CO EH U D Q O 
Pi OJ 
£ O H co E> fa 
LT) I I 
,FI JJ s O 
0 
M Q) 4J 
(U e fö 
H TS 
fi 
Sh ,fi 
CN 
e" s < p 
0 u JJ fO 
,fi •U s ^  O c M Q o u 
ÎT) o H o ,fi a JH o s 
a) TS o a 
in 
in 
m m ^ ^ 
rH rH rH rH rH rH 
LT) 
in 
•^t1 m ^  ^  ^^ 
H H ri rH ri H H 
C N ' s D V û ^ U J C N O J C M C N U J C N C N C N J C N C N C N V O  
in 
^ ^ -sf ^ ro 
rH rH 
^ ^ ^ 
<N r-a a IX> V£> JJ fi X X a> SH r~\ rH (Ö xi eu CN = = = 
Hoin^iniohcoCTirHHro^inMJhco 
in 
rH M-l 
CS in 
4-1 
M ,fi 
CM 
M 
a> a 4-> + 
(L) <C 
£ P 
tö O ! i 
•H TS 
fi 
•H 
X 
£ + e < — p 
a) u l—i jj 
cti u 
xi V 
S 
0 < M p 
o u rH 
Pi 
u 
Cn 
X 
X 
Pi ÎJI 1 0 
<1) 1—! 
1—1 0 
X tn 
1^  a, 
M 
0 
s U) 
CO 
4J 
Ü 
3 
TS 
0 
M 
CU 
fi CN 
0 CN 
-H a CQ CN 
3 4J 
tl fi X a) 
M i—i 
as A 
eu kO 
U) 
1 
1 
1 
X i—! 4-) 
S 0) 
0 TS in 
M O rH 
Ü U M-1 
1—IT—I I—I 
I—I rl H I—! i—I r~f 
T—I I—I 1—I 1—I HrlHrlrlHriH 
<sO(NOJVDCNCN^OCN1CMCNU>(N(N<NCNOJ(NCMCMCN(NCN]03 
O H CNn^LD^hco^oHOjro f^fO^Ln^ût^COC^rHrlrlHHrlHrI rIH(NCNCNCN 
m — 41 . M + HO IX) IX) IX) IX) 41 ft H H H H H H 
CN 
<V •P (U B te a O H O  •H 4* HIi 1 H H H H H i—Ii—1 H i—1 
V 
a •H 
B 
B 
Q 41 CNCNH U + 1  H  H  H H H H H H H H  
Ö O 
CL) 4J fÖ 
CNOJO 41 1 H H H  H H H H H H H H  -U S 0 
u O 
Pi 
1 >1 
u O) 01 0 £*1 —1 œ 0 41 
X ft Sn 
Pi 0 1 S CN CN CN IX)IX>IX>IX>IX>IX>IX)IX> <D 1—1 
xi 
Ch 
<D M m LD 0 ^ CTi 
m ft 1= 1 = = = = = e = r 4J CO •=? u 0 O O d a \ 1 T3 0 oo co 0 s H H 
U 
0A 
ß 0 -rH X) u) en cri 
m ft ft 41 41 3 X) IX) IX) IX) 
Ii il il X II 11 II X X II X G 
Ii il il X II 11 II X X II X 
<U 'N CN H H r- M H H CN CN 1 rß £ 41 ft ft 1 1 1 
Oi CN CN CN CN 
1 HCNCTi HCNm^HrOlXiH xi o o o  o o o o c N C N o g r o  4J 1 1 1 1 1 1 1 £ ai H H CN CN CN CN CN O T3 CN CN CN CN CM CN CN M 0 H H H H H H H O u « 4-1 M-l M-l IH 4-1 4-1 
Ol Ol JJ O 4J O 
CO IX» O H O  
LT) IX> O H O  
in ID ^  H H H H 
CN H H CN CTI >X) 41 ftÄ a CN CN U) IX) 
Xi -U 
O u 
Ü 
CD Ö 
Ol -U 
c ftf 
CTi -H 
T3 
vo a) 
1 
1 
B 
(n 
1 0) 0 
1 > —i en -H 0 
J-l A u U a tD a) u 
p 1—1 o o a) s oi CQ 
eu fi 
s 0 
O a) 
M xt u co 4J 3 D S 4J 
Pu 0 —1 
i>H 3 
O U 
0) 
T 3  O O 
< Q ft 
ß 
in 
rH 
inuiinLnin^ininLfiLninini/i^Lnm^i/iLni/i^ r l HrlHHHrlHHHHHHHHHHHHrlrl 
LO in inmuii^Lnminmiominwinini^^^Lni^io^ HrlrlrlrlHrlrlHrlrlHrlrlrlrlrlrlHrlrl 
U3 CN U3U5V£>U>>£>VOlsO*X>*£>Vß'X>U)U)U3U5VOU)UDU3VOlX> 
LT) LT) 
CTi CTl I s = = I 
O O I I LD H O H 
-U H 
a <j\ ^ S KD CM 
OHCNlCO^UD^OOCnO^Ln 
rH CN CO ^  LO [^CXJO^rlHHHrlHrlHHCNrOrO I 5 oq a 
6 to 
1 
+ 
aj > oo o •H H O 4-) r- i +  f i  f i  f i  i  +  i +  a a ö ö ö ü ö c  (Ci Cn 1 ^ o <D fi (D o o Ö 0) M CN H 1—1 Sn H ri i +  i i + i i  i  +  a  a  1  g  1  1  G  1  .. 
— (0 1 CM £ X o o 
f i  •  U) O) o m — 0 H t> i+ ii + ii i + fifiifiiifi + v CN o- a) 
.. •—• o > CN ^ o 1 -H <N X H U) \ 4-1 fi PQ H 1+ + + + O- + 1+ fifi + fil+fi + -H - rö m 
 ^V£> 0 1 c Pu <U Q T) U> a 1 + + + + + 1 + + + + + + + + • • 05 + 
*—- ^ 
H •—s X 1 fi CL) nj TS B CN cö o fi 
• . •>—• m o -rH H CN H o TJ CN X h CM + 1 fififi + + +1 fifififififififi CD 1 fi B 1 m o C 1 V£> m o co •• r-1 rH Q E-t CN pL) rH + 1 fififi + + +1 fifififififififi u S O <C E-H CN O £> rH rH Q S 0 H + 1 fififi + + +1 fifififififififi U 
K eu O N O  O H m 
Pi ^ 0 m + 1 fififi + + +1 fifififififififi fi M 0 X S O 1—I £> O CN 0 < 1 CN CN O u 0 M H + 1 + + + + + +1 fifi + fi + fifi + 11 1 1 1 O HH 0 1 O H • co OJ O >iTS H W H + 1 + + + + + +1 fifi + fi + fifi + tn a) u 0 4-> 
£> O rH m Q O O A> O i—1 o r f i  4-) OJ PQ CM + 1 + + + + + +1 fifi + fi + fifi + Û4 OJ U 4-1 O 0 S < S ä o Q M U 1 + + + + + 1 + + + + + + + + •. . » 
CO S fi D 
h  U J  
1  S U) V£> CN CN CN^ O>X>CNCNCN*X>C\l V£> 13 rH 0 fi 
1  rOLDCTlOrHrOLnl> • •  C Ö  1 O O O H O O O O  vc & 1 CN ro 1—Ii—1 CN rH i—1;—1 rH CN CN CN CN 
u 1 H O O 1 - 0) <0 H H CN CN TS M tu <0 UD 0 as T3 H = = = = CN •• PM fO 0 H CN CN CN CN C N  s a CN Qj CN VO & * •• 
O rH O O l> ffi H 
O LD CTi CM K rH 
LD O i£> H LO O ü m  
o O O CM H M H 
O O H >X> CQ H 
O O CTi rH m H 
SH o dl ui o ^ H CM SH O H (Ö 
B o O CM H O 0 O CQ CM M CD O £*1 CM K O rH X O aj O H 
1—1 CM O H rH 04 1 1 1 1 04 
CO E-< U £> K P O CÜ 04 s s O l_l rn co D &4 
m jj ö a) SH cö CM 1 1 
04 
1 1 ^1 0) ,y 0) ^H T3 fÖ O S u 
t + I + 4- + I I 
I + 
+ ß £ a a a 
+ + + + + + + I I + + £ a q a a 
i +  1 +  +  + 1 1  1 1 + +  £  Ö C C Ü  
+  +  I  I i i  
i +  + + I I I I  i i +  +  
+ i + + + + + + + + 
+ i + + + + + + + + 
i +  +  +  +  +  +  +  + 1  +  1  
CM 
CM a 
CM 
CM 
CM rH i—I 
ftrC & CN IX) y£> 
H oi m Lfi u) 
I 
a\ o 
1—I M-l 
+ + + O-
+  I  +  +  +  +  +  +  + + I I  Ö  ß  C  ß  Ö  
+ + + + + +  + + i i  ö  a a a ö  
+ + + + + 
+ + + + + 
+  i  +  +  +  +  +  +  + + I I  +  +  +  +  +  
+  i  +  +  +  +  +  +  1 + 1 +  +  +  +  +  +  
+ + + + 
CM VR> CM CM CM CM CM CM CM CM UD CM 
l£> CTi a ^ 
X X 
CM H CM H 
H CM CTI H CM fit 
CM CM U) UD CM CM = 
(—I P~) VX) rH 
CTi CM CM CM m 
I I 
H CM 
CM CM 
rH rH m M-i 
TS a) •U m <v 4-) 
-p o ü 
ö 
<D > H •U H CQ O 
Pu 
0) > •H JJ tC tn ai ö 
CO 
05 J* 
ca 
o 0 O 01 T—I W iH 
O O 
CNI O W 
O M <t O a> i-i vo ^ P=l r-t M CTI 2 
O PM 
Pi I 
CU 
rH 
x PM 
X! 
pi I O 
u bû 
ffi 
CN 
H O P Q tó P-t 
ïz; o 
o co o rH O W CM 
O 
CO O 
Ex* »-H 
O CM O i-H T—I O rH 
CM O rH LH O m 
co O U O CM a) CM o W WH W cd S O O iH :N CM O 
U  W r l  
O <T O rH O PQ Csl 
PM 
I + • I + , + i I + i 
i -t- » i t « -4- * -f- 1 * '1+ 11 |( 
I + • 4-4-4-4-4- ' • + 
+ • 4-4-4-4-4-4-4-4-4- •'+ ++ + + 
'+ + + + + + + + + 4- 4- 4- 1 4-4- 4-4-
+  i ß f J CßßßCCC G +  > C G  + + 
+  i  C C ß C ß C C C C  G  +  '  G G  4 - 4 -
+  i  C G C G G G G G G  G  4 -  1  G G  4 - 4 -
+  i  G G C G C G G G G  G  +  '  G G  4 - 4 -
+ • 4-4-4-4-4-4-4-4-4- 4- 4- 1 4-4- 4* 4-
+ • 4-4-4-4-4-4-4-4-4- + + ' 4-4- 4-4-
4- » 4-4-4-4-4-4-4-4-4- 4- 4- 1 +4- 4-4-
+ ' + + +- + + + + 4-+ 1 1 4- 4-4- 4-4-
4- 4-4-4-4-4-4-4-4-4- 4-4-1 4-4- 4-4-
CMCSICSICMVDVOVÛ^N^O CN <N VO 
£1 = ^3 X rH CM ON CM a-^3 P-: OJ VO csl 
I—ICNtOsf r^r-ICNJrOvJ-
KD KD KD KD KD I I CM X CM pu 1—1 
<4-1 4-1 
<—H CM <rH I—1 VO 
r ï r C  P* CM CM <0 
KD 
P- = 
KD 
X 
X = CM 
LO O 
O CO 
KD KD 
KD PU= 
KD 
X CM R—1 RÖ = CM 
TH CM O O 
P< 
4-1 4H 
A> o 
> > H «H •U) U CD W bÛ o eu 
• • o o o + I CMOO 
OOfO CM CM 1—1 U W tu 
P3 O ' 
u A) bOr—I 
>*>rC O O p-t rH O O O O 1-1 
• • O O CM ZI PU CM CM 1—4 WW o 
bû O —I o \£ •A -
U TJ O O) -S 4-> o o w o o o ^(DOvom £ U CM 1—I LT) 
O  i « i  r-1 4J <1- CM O O rH rH T—I UZcQfQO 
S S3 
CM V£5 e> o 
W 
A cd 
X 
U <U 
a •H 
• U 
> PL, 
LD LD 
r-i * 
Ü LD 
cü 
0> CM 
O H 
m o H o o 
o o o 
CM rH W H 
O O 
CM O pq o 
o o H U> m H 
M ai <C * P h u CÖ s 
o x 
O 
LD O 
H CN O H 
O <T\ O O U3 O H 
O S m o 
CN H O O CM 
X O m o H rH rH pL| rH 
JJ -H O G CM O cr> rH rH 
si CD H VO O 1 CM O 1 rH in 1 0 LD 
1 M O CO (1) O CM E-< X CN O 
U ^ H H 1=) (Ö Q S O O O H Pi CN CM O 
CU O W H 
Si O 
O ^ O H rH O CO PQ CM D Cu 
< P u 
X 
1 1 
s 
1 1 Sn 
0) 
M aj M T! CÖ 0 S U 
I + 
I + 
I I 
I I 
I c £ a g a c a i G a a G c G a I G  G  G  G  G  G  G I G  G  G  G  G  G  G  
+ I I I IGGGGGGG+GGGGGGG 
I + I I I I I I I I I I I I I I I I I I I 
I + I I I I I I I I I I I I 
i +  1 + + + 1 1 1 1 1 1 1 1  I I I I 
+ + + + + + + + + + + + + + + + +  
+  + + + + + + + + + + + + + + + + + + +  
++++GGGGGGG+GGGGGGG 
++++GGGGGGG+GGGGGGG 
+ + + + GGGGGGG + GGGGGGG 
+ I H-H- + + GGGGGGG + GGGGGGG 
+ I + + + H-GGGGGGG + GGGGGGG 
+ I ++++GGGGGGG+GGGGGGG 
+ + + + + + + + + + + + + + + + + + +  
+ i  + + + + + + + + + + + + + + + + + + +  
+ i  + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + +  
(*OU3U)VûlJDtJ3U3<X>U3U)(X>U)UDtX)<*OlX>l£>^£>k0 
HCMro^Ln^O[>cocriOHCMrou5[^cri0^in 
r H  I  r l r l r l r l H H H 0 1 f ï l r f l  •u S •H CM G G ER* ,G ,g UD = = = = 
CM <4-I Ü O a 
0) > -H 4J rü DL 0) S 
eu > 
H 4-> •H 0) 0 01 
B G 
*rH 
TS <D 
B 
< P U 
<C P U 
Pi 
I O M Dl 
X 
K 
î>i G O H O u 
M-l O 
!>"1 Dl O H O 
Si a 
O 
U) O 
U3 Ti 
<D 
•U - a> cN m O 
CM 
a) > -H -U •H ca O CM 
i—i i 
O \ 
M o- I I +  +  + I I I  I +  +  +  
o 
H O 
o r-
hC H + i i i i + i i i+ + + 
M o 
(U o o 
^ CN H (V M pq h i i i i i i  +  i  I +  +  +  
fö 
S o 
o 
U) H <£> o- c- p-
O m H +  I +  I I I  +  I  i +  +  +  
o 
oo o 
H O 
*3} rH +  +  +  +  0 -  0 -  +  0 "  + 1  1  1  
O 45 O H 
CN O 
W H + + + + + + + + +1 1 1 X SH O C Q) O PO A) M CN O XI U pq H + + + + + + + + +1 1 1 
OJ rti 
1 B o 
1 o 
1 CN H O 
1 U m CN +  +  +  +  + ^ -  +  +  + 1  1  1  m •p 
o 
3 T5 K + + + + + + + + I+ + + 
0 >H CM 
ß m + + + + + + + + +1 1 1 
0 -H 
m 
3 
h S 
1—t eu 
(Ö 
ft H CN m 
Xi XI 45 œ <£> l£> <D 
4-> X
 
X
 
X
 
a a) O] CM CM CN 
M rH rH rH H H CN 00 
cC XX X X 45 45 45 CM C N = O q =  =  =  * X > =  C N U 3 ^ 1 £ >  
LT) 
1 
1 
1 
M 
0) 
M a) O O O O O O H H  
in 13 H r l H H H r l r l r l  
fö 0 4-1 
S u 45 
B a •H T3 Q) 
e 
< a CM 
a o 
Cn O H O X! ft 
O S 
CD u 
(5 cC -U m H 
m <D h 
m 
(5 H u 
B 
o 
u tn . 
w ® T3 
S5 tC 
K X! 
tn ß • -H Q) 13 U (Ö ß h aî 
4J •• m o. H en & a) 
u o. 
+ 
m 
<1) > •H -U (Ö tn (D S 
CO H 
DC O Li­ez) z < oc 
w !_i 
c *co 
•H» CO 
"3-CT) CT) 
I CT) O 
O I h-
•M 
c O 
E 
* k_ 0) Q. X LIJ 
0 C O) O) 
cc 
1 
.c CL 
00 
z < Q. 
O 0 > 
CM O 
c 'ro 
w -t-j c 0 u CO CL 
a 0 
O 
ƒ) 
0 •(-« co 
P 
0 
O 
CL CA O C O 5 
* 
c 0 O -C 
<-• CL w + 0 •h-> 1 < 0 Q 
2. Q_ 
<3* O CT) O CJ) 0) CT) CT) CT) CT) O 1 O 1 1 CD 1 O CT) 1 O CT) 1 O 1 O 1 O CD co CT) O O O *— r— O O = = O 
CD "tf- CO <3- CD CD CD 
r— z ï = s = : = O <— = O <— = O O O = <— 
O O c c 
"3-CT) 
0) O CJ) O CT) O CT) O CT) O 0) o CT) O O) O CT) O O) O 
co no
 o c oó O c O c oó 00 ró r— 00 O c oó 00 oó oó O c 
+ + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + 
0 c O a 
o c 
O 
k-D) 
0 
> 
<S) O 1. 
+ 
0 O co 
0 
+-1 co 
co Q. 
0 0) 
CO 
c O 
u 
0 V-« c 
0 w 0 
w -
CL 
0 
0 5 
a 0 
0 > 
o 0 0 w 
c O 
0 4-> 
CD 
C M 0 0 ' t f t f ) C D r - « 0 0 C T ) ' - < -
I I I I I I I I I I 
C N C O ^ L D C O r ^ O O C D O ' - C M C O ' ^ -
r - T - T —  * -  r —  * - T —  < —  C M  C N  C M  C M  C M  
i ) I I I I I I I I 1 I I 
CL I— CM 
£ O 
k_ a> 
0 le 
* .c + 
< Q 
CL 
Cf) I-
cc O 
LL C/) z < DC 
CM 
w 
c 'ra 
l— +-» CO 
0) c 0 O) 
> "t 
c S ö 2 
> V E co 2 9 O) O) > o 
CM CD 
1^ O c 'ra 
~i Cn 
< 
Cl 
C O k_ co 
CL 
c 0} 
E *k-
0 Q. 
X 
< IQ a_ 
c O 
ro 0 k. O 
ico 
0 
M to 
Û 
© 
O 
CL 
w 
O 
c 
O 
c 
O 
4—' 
C/1 
0 4-> 
ó) 0 
L. _Q !CL O 
> 
"O 
c 
(0 co 
CD I cr> o I 
CM Ï 
CD O) CD 05 <D c 
O O O O O O 
*t c— r— 
1 1 
'it z 
t— r = = = = : CM CM CM *— 
O) 
O I 
"«t 
O) 
Ói O) O O I I CD CD O O O c c c O O c c 
CD CD CD O O O I I 1 O CD CD CD O 
c 
+ + + + 
+ + + + + + 
+ + 
+  +  +  +  +  +  +  
+ + + + + + + +  
o 
I 
.c 
I— 
CM 
CM 00 O O o LO co O O r^ 0 0<DO ' - C M 0 0*t OOO 1- r- T- r-I I I I I I I I 
<3-
cn O) 
co O 
CD 
«a Û 
0) 
O Q. W 
O c O 
c O * Q. 
O + 
£ O 
CL Q-
W c ro 
O) O I 00 
+ + + + + + + + + 
+ + + + + + + + + + 
+  +  +  +  +  +  +  +  +  +  +  +  +  
+ + + + + + + + + + + + +  
c\ioo<3-Lo<or-.ooCT) CM co ^  in oo cn o CM 00 ^  LO 
CL 
CO O 
_c co O 
CO O JZ a o 
k_ +-• o 
X D 
CD 
T3 
C 
CD 
CO +-> c 
CD +-> D 
E 
<D 
O +-• CO 
CD 
i— O Q. 
CO O c O 
LO LO LO LO LO 
CD CD CD CD CD CD 
CD CD CD CD CD CD 
*— «-J- *— *— «- T— 
CM 1— CO CO CO CO O = o O o o 
CO 
c 
CD 
L_ +-> 
(/) 
CD +-' O 
CD w 
CD 
-C O 
c a) 
i— 
CD 
CL 
CD 
T3 O O 
LO en cn 
05 CD 
CN *•"•* <- O = 
DC 
I 
CD 
CD 
O 
JZ 0 
CE 
k_ 05 > 1 = = 
r- CM OÎ *— *— 
.C .C .C 
CO CM CM 
,-t: c c 
C *— CM a> *- T— JZ JZ JZ 
CD CM CM 
m LO 
CD CD 
CD CD 
O O 
LO LO 
CD CD 
CD CD 
r— r~ 
I I CO CO O O 
O w k- >» 0 I 
c c 
CO CM CD O 
-C _C c c 
CO CM 
co CO O O 
CO 00 
X X D D 
CD CD 
CO CO 
C D  
I—I 43 OJ 
O u Öl 
>1 K 
C O  EH u 
p O 
Pi dl 
s O 
H U) \D 
fa 
M 
1 ft + 
CM c \ p 
B u ei 
M 
a) 
-U eu 
B + 
n5 C 
•H p p U 
a 
•H 
43 
4-) S 0 < 
^4 P 
Ü U 
I 
LT) 
I 
I 
-U m •M 
(Ö SH 
4-1 en 
rlrHrlrlHHrtHrlrirfHrlHHHH 
nojmH^^^cNHiiirnn^^oj^in 
r l r l H H H H H H r l r l H H H r l H H  
^^ro^LnLni/iLnininininLnLnLn^ rlrlrlrirlHHHHrlrlHHHH 
r>i Cn O 
H O 43 ft U O S CNCMCN]CN10JCMCNCMCM^CS1(NCN^OU3^X)CSI 
0) TS O 
U  
m 
m in en en 
o o 1 CO rH rH CM 
CM (M 
ft 
CN 
X! U) 
O H HtNm^LD>x>i>oocriH 1 I I I I I CT\ O CTy <T| CTl CTi O O O O O O 
^ ^ 1—I I—I T—i I—tl—ll—! 14-1 LM 4-1 4-1 4-4 4-1 
CM CO ^ LD ^ [> i—1 H <—li—I I—Ir! 
u z> r-eg 
4-) 
rtf 
!H 
-cl 
CM 
\ a 
£ + rH 
£_ 
C 
Q 
U 
Ö 
O 
rC a) + rH 
-U 
m 
Pi 
XI 
4J 
S 
0 
M 
O 1 rH 
& 
!H 
ÎJ1 
œ 
x 
DH 
1 
<D tn 
1—1 0 
& 1—I 
a 0 
43 ft U 
0 
CQ 2 KD -U O 3 T) 0 U ft Q) M LO Ö 0 cn 0 ft 1 •H CQ in 
CO 0 o 3 Ö 1 Pu 0 o S rH 
CM 
CM CM 1 a in CNJ 1 4-1 1 a X 1 <D 1 u 1—i 1 nS 4=1 
4-) ft KÛ 
CQ 
-H 
J I—1 Ö 
-H 1 (Ö 0) •sF 
T) LO 
4-) o rH co u 4-1 
H r l r l H r l H r l H H n l H H H H H H r l H r l H H  
H r l r l r l r l r l r l r l r l H r l r l r l r l r l r l r l r l H H r l  
H H r H H r l r l r l r l r l r l r l r l r l r l r l r l r l H r l H r l r l  
M)CN0g^O3CN^(MCNCNVX)CN3(NCNCN3CNCNCNCNl(NCN(NCN 
LT) <T\ m 
OHC^m^LO^OCOCJ^OHCNim 
a + 
< p 
u 
M 
CN 
e £ 
U 0) 
4-1 0) 
£ (C "H 
p 
c 
p 
u 
ro ro in ^  ^ 
!>i 
tn O 
I—I O 
Xi Cu 
U O S 
Q) 
U 3 
4J «—i 3 O O Ö O s 
en 
4-) ö a) M rô ft 
a) TS o 
u 
ro m m ^  ro o H ro cri CM ro ro 
\—I *—I î—I \—I rH *—I 
ro ro ^  ^ 
ro ro m ro ro 
rH rH rH rH rH 
ro ro ^  O 
rH rH rH rH 
CN ro ro ro ^  'sf4 <st* 
rH rH !—t rH i—1 
^ ro ^ cr> (N ro ro 
rH \—i rH rH rH rH 
 ^  ^  ^  ^  ^
rl rl i—I rH rH 
CM KD <N KD CN CM CM CM CM ^0 VO CM CM CM CM CN CM 
CM & 
KD 
O 
rH 
Si 
CM 
LT) 
ON 
I 
O 
I CO 
in 
04 ^0 
o 
rH 
CN 
L0 ON 
I 
O 
I 
\—I CM 
CO 
ÇU 
= x = = = 
o 
rH 
Si CM 
m o> 
o 
CO 
rH 
CO 
rH a 
CM 
t—I 
Si KD 
in ON ! 
O 
I 
rH CM 
ro ^ in ko H CM ro (N ro h CM ro ^  LD 
4-1 
! 
CM O 
rH 4-1 
i ro o 
i—I 
<4-1 
CO O 
rH 4H 
CM ro CM ro ro 
rH rH rH i—I 
ro ro CM ro ro 
rH rH rH rH rH 
CM ro CM ro ro 
CM CM CM CM CN 
LO ON 
I 
O 
I CO 
o 
T—I 
CN 
O Û4 
KD 
LD ON 
[ 
O 
[ 
rH 
CM 
CM LH KD \> 
I 
CN 
\—I 
4-1 
<D a 4J + (D in e <c m p -H u H i—Ii—1 H H i—Ii—Ii—1 i—Ii—Ii—Ii—1 H i—1 H H i—i T3 
-H 
• + in m 
Xi <C • LD ^ Q r~i CN U H i—1 H rl i—Ii—Ii—IT—Ii—Ii—1 H i—Ii—Ii—Ii—1 i—Ii—1 t £ li" 0 £ -H — Cfl Q) 3 4-1 fa nJ in in M < . 
Pi P 1 Xi o i—li—li—li—li—1 rl i—Ii-il—1 rl H rl i—1 ri i—Irli—1 0) -U rH LO XJ cr, 0 OJ CTI U rH U X 1 LD & o 1 w -
tyi o >ifN tr> K 1 0 1 o —i 1 rH 0 1 xi w a E-i M U 0 £> s (N^^OUD^CNCNICNCNÏ^CNICNICNCNCNCN]^) P O tó 04 
S O (U H M LO 
un 0 en 
P a 1 fa CO LO 0 O G 0 CM s 
CM I> a a U3 -U G X x •st< D 1 U rl rl LD (Ö XI Xi 1 1 1 
eu 
1 1 -U m -H 
O a HCNrO^LDMDOCOCTiHHn^LnUDt^CO -H 1 1 (3 d) H (N SH T3 M M JJ 0 H H 
an O M-l 4-1 
xi 
+ H H Lfl Ifi «3 U) 
Ol rH rH rH rH rH rH 
u -tr ^ I> -  •  ^  P  
CM < P f t P  
m p ft - a 
4J eu *•— LD —-
m a O i — l o o  m  ~ - - o  - h + H  r 1  r l  r i  r l r l H r l H H r l r l r l H H r l r l H  r H  C " * * -  r l  ^ 0  i — 1  
SH 
xi 
CM 
ET 
B 
SH ^ CN CM H O LT) rO rl 
0) + rl rl rl 1—1 rl rl rl i—1 rl rl rl rl i—Irl«—Ii—Ii—Ii—1 \—1 rl O rl O 
4J 
CL) 
B 
rO 
-H 
p 
Pi -—' 
1 < < 
C U  Q  P  o j p g o o  * x > U 3 V 0 U 3 ^ ^ ^ ^ r o ^ L T ) L r ) r o ^  l o  ^ h h c n  
I—1 U  U  r l  1 — I i — I i — 1  r l  r l  r l  r l  i — I i — I i — 1  r l  r l  r l  r l  i — 1  r l  i — 1  i — 1  i — I i — I r H i — 1  
C U  
X  
Pi 
M  
D l  
a >1 
D )  
0 
rH 
0 UI xi 
H  a 
U  u t> 0 
P  s  C ^ C N C N t M  
O  Pi 
C U  
S  ( U  
O  u 
M 3  U) - U  LT) LT) 
E >  r—l (T\ (T\ 
P M 3  
u 
0  O O CTi a \  t  \  0 00 CO H 
s rl rl rl 
1) 
a 
^0 ^£) CT\ &\ V£> -U 
LD a a Xi Xi Qa 
1 k£) U3 U) U3 UD i~0 
UI C5 
1 -U 
X
 
il 11 il H 1
1 il 11 il li X
 
li il il X
 
li X
 
il X
 1 Ö •• 
1 0) CN CN H rH H  H H ^D 
1 u H H CM CM H H N m U) 
1 ctf 4 3  x i  a  a  xi 4 d  a x i  a  
-U eu CM CM CN] CM M (M (M U) W m <D 
-H a 
J K*1 
H  tM O l  O  H t M P O ^ H r O W H  -U 
Ö O  O  O  r H  O O O O C S I C M C M n  
-H II 1 1 1 1 1 CM 
f Ö  0) H  H  C M  C M C M C M C M r H C M C O ^ O O  L T )  Ü 
M T 3  C M  C M  C M  C M C N C N C M O O O O m H  O  
- U  0 r H  H  H  H H H H U ) ( £ ) U ) l f l U ) « )  > . 0  co U 14-I 4-1 14-I H_| m 4_( M_| M-i CM 
s pg 
X 
-U 
-H G 
CTl 43 
U) I 
co En U 
Q O 
Pi a 
s O M CO D PM 
VÛ 
I in 
4-1 CQ 
-H 
(Ö 
U -U CO 
xi I 
CM 
(U 
-U 0) 
B tö 
-H P 
43 4-> S O !H Ü 
Cn O 
I—I O 43 a U 
O s 
<U 
u 3 4-> 
1—1 3 
U  O G O 
0) T) O U 
C Q OJ 
G O 
LD o LnLDLnLnLn^LnLnLnLnLnLnLn^LDro^LnLn^LN^ 
H H H r l r l r I H r l r l r l r I H H H r I H H r I H H H r l  
LD LD 
-U 
•H a <T\ 
^ £ 
CN 
LOLnLOLnLnLOLOLnLOLnLOLnLnLOLO^^LOLO 's^Ln^ 
i—I rl rl I—I !—I H I—IHHrlHHHrlrlrli—Ii—I i—I rl i—I H 
LD 
LD (T\ a\ = = = I 
I  ^
H O 
H 
CN H 
LD 
LD (J> 
(T\ I 
I ^ H O 
H 
CN H 
OHCNlrO^^ÛOOOO^OCN^LD HCNfO^LO^^OOC^rlrlHHHrlrlHHCNrOrOrO 
I s 
(M G 43 
M CU -C a o 
U -
+-1 o 
X D < 
a) 
k .  o -t-1 CO 
LO 
CD t 
O 
un ap 
*— o = 
o D T3 O 
k_ Û. 
C o w •D 
« _ra 
a o •M O 
i_ 
Q_ 
(U 
k_ O Q. (A O C o 
< Q U c o 
m O) 
I 00 o 
m CT) I 
o = 
o 
o + + + + + + + + + + 
CD 
w _l c 'co 
•M CO 
03 "O O O 
00 O 
I CM CD CM CM 
LO (7) O T— 00 LO r-* O O T— O O O o 
T— T— T— CM CN CN CM CD = 
CN 
O 
Q. 
CM O 
(D 
O +—• W 
co I— O 3 Q 
O 
CC CL 
z O 
CO D 
< I CL >-
I 
W 
C 
CD 
-t—' CO 
Tl-ai 
CM 
(D 
O Q. W O c O 
< Q CL 
o& 
< a CD o 
tn CD 
CO o 
io CD I in o 
IO CD 
o CO 
in CD 
m O 
M" O) 
CD O I CD CM 
m m m O) m ir: CD cp Cp a CM •4 4 IT O ; : : r O s = = = r : r CM : : O r c 
+ + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + 
c 0 
ro CL 
<D "a o O 
CD r X CM 
S CM = 
CM JZ CD : : X CM 
S CM r : 
00 x: CO 
X CM 
T— 
_Q CM 
CO 00 m O T- (N CO If COCDI— CM CM N CM N m CD CD CM CM CM CM 
CN CN 
^ in N 00 CD O O O O O O 1— CM I Tj-CD 
CM 
CM • CD CD 
CM 
CO Tj-
CO CD 
CM 
L A B O R A T O R I U M  V O O R  
B L O E M B O L L E N O N D E R Z O E K  
B U L B  R E S E A R C H  C E N T R E  
V E N N E S T R A A T  2 2 ,  P O S T B U S  8 5  
2 1 6 0  A B  L I S S E ,  T H E  N E T H E R L A N D S  
T E L .  ( + 3 1 ) 2 5 2 1 - 6 2 1 2 1 ,  F A X  ( + 3 1 )  2 5 2 1  - 1 1 7 6 2  
